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(54) METHOD FOR OPTIMALLY DESIGNING ANTENNA, RECORDING MEDIUM WITH 
ANTENNA OPTIMUM DESIGN PROGRAM STORED THEREIN AND ANTENNA DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an antenna 
optimally designing method which makes the number of 
elements variable, offers the degree of freedom even to 
the arrangement of a parasitic element and also can be 
applied even to optimization for sector antenna 
miniaturization. 

SOLUTION: The prescribed number of chromosomes 
composed of element information including a position 
and an element length is generated (1), element 
information in which an element length is equal to or less 
than prescribed or position information is overlapped is 
eliminated (2), element information for one sector is 
constructed on the basis of each of the obtained 
chromosomes (3), the element information of an antenna 
is generated on the basis of each piece of the element 
information for one sector (4), an antenna 
characteristics is calculated on the basis of the element 
information of the antenna (5), the element information 
is evaluated on the basis of an object function to be 
ranked on a chromosome (6), a genetic operation is performed while preferentially preserving an 
excellent element information in each characteristics to generate a gene group of a new 
generation (7), and whether the gene group of a new generation meets a prescribed 
convergence condition is decided, designing is finished when the condition is met, and the above 
processes are repeated on the basis of a gene group of a new generation when the condition is 
not met (8). 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
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CLAIMS 

[Claim(s)] 

[Claim 1] The 1st process (S1) which generates only the number which defined beforehand the 
chromosome which consists of at least one component information which is the antenna 
optimal-design approach for designing antenna structure using a chromosome, and contains a 
location and component length, The component length deletes the following [ a predetermined 
value ] among the component information on the chromosome of this number of ********** 
pieces which is alike, respectively and is included. And the 2nd process (S2) which leaves one 
component information among two or more component information that the positional 
information overlaps, and deletes others, The 3rd process (S3) which constitutes ******** and 
the component information for 1 sector also in each of the chromosome obtained according to 
this 2nd process, The 4th process which generates the component information on an antenna 
based on each of the component information for 1 sector obtained according to this 3rd process 
(S4), By evaluating each of the component information on the 5th process which calculates an 
antenna property, and (S5) and this antenna based on an object function (O (x)) based on each 
of the component information on this antenna The 6th process (S6) which ranks it as said 
number of each chromosome defined beforehand, eye this ** — laws — hereditary actuation 
being performed saving preferentially what was excellent for every property based on the rank 
attached to the **** chromosome, and with the 7th process (S7) which generates a new 
generation's gene cluster It judges whether a new generation's gene cluster is filling the 
predetermined condition of convergence, this — The antenna optimal-design approach 
characterized by providing the 8th process (S8) which repeats the 7th process from said 1st 
process based on said new generation's gene cluster if this predetermined condition of 
convergence is filled, an antenna design is ended and this predetermined condition of 
convergence is not filled. 

[Claim 2] The 1st process (S1) which generates only the number which defined beforehand the 
chromosome which consists of at least one component information which is the antenna 
optimal-design approach for designing antenna structure using a chromosome, and contains a 
location and component length, The component length deletes the following [ a predetermined 
value ] among the component information on the chromosome of this number of ********** 
pieces which is alike, respectively and is included. And the 2nd process (S2) which leaves one 
component information among two or more component information that the positional 
information overlaps, and deletes others, The 3rd process (S3) which constitutes ******** and 
the component information for 1 sector also in each of the chromosome obtained according to 
this 2nd process, The 4th process which generates the component information on an antenna 
based on each of the component information for 1 sector obtained according to this 3rd process 
(S4), By evaluating each of the component information on the 5th process which calculates an 
antenna property, and (S5) and this antenna based on an object function (O (x)) based on each 
of the component information on this antenna The 6th process (S6) which ranks it as said 
number of each chromosome defined beforehand, eye this ** — laws — hereditary actuation 
being performed saving preferentially what was excellent for every property based on the rank 
attached to the **** chromosome, and with the 7th process (S7) which generates a new 
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generation's gene cluster It judges whether a new generation's gene cluster is filling the 
predetermined condition of convergence, this — The 8th process (S8) which repeats the 7th 
process from said 1st process based on said new generations gene cluster if this predetermined 
condition of convergence is filled, an antenna design is ended and this predetermined condition 
of convergence is not filled, The record medium to provide and which stored the program for 
performing the antenna optimal-design approach. 

[Claim 3] Antenna optimal design characterized by what the positional information of a 
component is constituted using cylindrical coordinates (ri, phii) in said 1st process, and the 
component information on this antenna is generated for in said 4th process in said antenna 
optimal design according to claim 1 using the mirror image of said component information for 1 
sector. 

[Claim 4] The record medium which stored the program for enforcing the antenna optimal-design 
approach which is the record medium which stored the program for enforcing said antenna 
optimal-design approach according to claim 2, constitutes the positional information of a 
component using cylindrical coordinates (ri, phii) in said 1st process, and is characterized by 
what the component information on this antenna is generated for in said 4th process using the 
mirror image of said component information for 1 sector. 

[Claim 5] said antenna optimal-design approach according to claim 1 or 3 — setting — said 7th 
process — setting — eye this ** — laws — **** — a number — the chromosome of the 
predetermined number individual which sorted out the predetermined number individual and was 
this sorted out among chromosomes from what has a high rank — the next generation — surely 
— ** — the antenna optimal design characterized by what hereditary actuation is performed for 
like. 

[Claim 6] Are the record medium which stored the program for enforcing said antenna optimal- 
design approach according to claim 2 or 4, and it sets at said 7th process, eye this ** — laws — 
**** a number — the chromosome of the predetermined number individual which sorted out 
the predetermined number individual and was this sorted out among chromosomes from what has 
a high rank — the next generation — surely — ** — the record medium which stored the 
program for enforcing the antenna optimal-design approach characterized by what hereditary 
actuation is performed for like. 

[Claim 7] In the antenna optimal-design approach according to claim 1 said object function :0(x) 
=aG(x)-b|A-Re(Z (x)) |-c|lm(Z (x)) |-d|B-HBW|-eAL, come out and it is (however, G (x) — the 
directional gain of this antenna, and Z (x) — the impedance of this antenna — ) As for HBW, AL 
the half^value width of the radiation directivity within the level surface of this antenna array 
length The element number after the auxiliary function formed so that a beam crack might not 
occur is shown and I (x) deletes the short thing of the lap of a component or component length, 
and a, b, c, d, e, f and g T (x) A and B are the antenna optimal-design approach which is a 
multiplier showing the significance of each item and is not restricted to the real number and 
which is characterized by what a desired impedance value and half^value width are shown for, 
respectively. 

[Claim 8] It is the record medium which stored the program for enforcing said antenna optimal- 
design approach according to claim 2. Said object function :0(x) =aG(x)-b|A-Re(Z (x)) |-c|lm(Z 
(x)) |-d|B-HBW|-eAL, come out and it is (however, G (x) — the directional gain of this antenna, 
and Z (x) — the impedance of this antenna — ) As for HBW, AL the hah^value width of the 
radiation directivity within the level surface of this antenna array length The element number 
after the auxiliary function formed so that a beam crack might not occur is shown and I (x) 
deletes the short thing of the lap of a component or component length, and a, b, c, d, e, f and g T 
(x) A which is a multiplier showing the significance of each item and is not restricted to the real 
number, and B are characterized by what a desired impedance value and hah^value width are 
shown for, respectively. 

[Claim 9] The antenna designed by the antenna optimal-design approach indicated by any one of 
said the claims 1, 3, 5, and 7. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] the storage which memorized the program for this invention to enforce 
the effective antenna design approach for the miniaturization design of a sector antenna, and 
this approach — being related — especially — miniaturization optimization of the sector 
antenna for high-speed wireless LAN, and the object for mobile-communication base stations — 
it is related with the storage which memorized the program for enforcing the effective antenna 
design approach as an approach and this approach of performing miniaturization optimization of 2 
cycles or 3 cycle common antenna. 
[0002] 

[Description of the Prior Art] The design method of the Yagi-Uda antenna using conventional 
Genetic Algorithms (henceforth "GA") is reported by for example, reference 1:"Eric A. Jones, 
William T.Joines:" Design ofYagi-Uda Antennas Using Genetic Algorithms, and "IEEE Trans.A-P 
Vol.45, No.9Sept.1997." 

[0003] Drawing 1 7 is the block diagram showing the example of 1 configuration of the four- 
element Yagi-Uda antenna designed using the conventional approach. The technique of 
optimization of the Yagi-Uda antenna by the conventional GA defined the element number 
beforehand (in the case of this example of a configuration, it is element-number =4), then, 
arranged these unknowns as an unknown train by having made the component length (this 
example of a configuration L1, L2, L3, L4) and component spacing (this example of a 
configuration S2, S3, S4) of each component into the unknown, and constituted the chromosome. 

[0004] The example of a configuration of the chromosome constituted by the unknown in this 
example of a configuration is shown in drawing 18 . As shown in drawing 1 8 , the chromosome of 
this example of an antenna configuration is formed by constituting component length (L1, .., L4) 
and component spacing (S2, .., S4) from 6-bit binary data, respectively, and arranging three 6-bit 
binary data showing four 6-bit binary data showing the component length L1 , L2, L3, and L4, 
component spacing S2 and S3, and S4 in by turns. 

[0005] The flow chart which shows the design approach of the Yagi-Uda antenna using this 
conventional GA is shown in drawing 22 . Only the number which defined beforehand the 
unknown train (= chromosome) which first consisted of component spacing as shown in drawing 
18 , and component length is generated using a random number, and let these generated 
chromosomes be initial value (StepD. 

[0006] Next, the antenna property of each chromosome is searched for by simulation using a 
moment method using the chromosome generated as these initial value (Step2). 
[0007] Next, each chromosome is ranked using object function O (x) given by the following 
formula O(x) =aG(x)-b|50-Re(Z (x)) |-c|lm(Z (x)) | (Step3). Here, an impedance and Re (x) shall 
express the real part of x, and Im (x) shall express the imaginary part of x, and directional gain 
and Z (x) of G (x) are [ a, b, and c ] the multipliers showing the significance of each item. 
[0008] Based on the rank of each chromosome for which it asked with the above-mentioned 
object function, hereditary actuation which makes a new generation's chromosome from the this 
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ranked chromosome is performed (Step4). 

[0009] the last — the above — if it judges whether a new generation's chromosome is filling the 
condition of convergence (StepS), and the condition of convergence is filled and it is not filled 
[ ended processing and ] — this — ****** — the same processing is repeated until it performs 
said Step2 to Step5 and the condition of convergence is filled about a generation's chromosome. 

[0010] By the antenna design approach by such conventional GA, when using a fixed-length 
chromosome, an element number must be fixed. Therefore, by the antenna design approach by 
the conventional GA, the limitation was in the flexibility of antenna structure which can be 
inputted. Moreover, the device was not carried out at all to optimization of the structure of 
having symmetry-of-revolution nature and axial symmetry nature. Furthermore, there was a fault 
that neither the optimization problem of beam width regularity nor the optimization problem of a 
miniaturization could be solved. 

[001 1] Such conventional technique also had still more nearly another problem. That is, it is 
necessary to opt for the basic configuration (for example, do you consider as a Yagi-Uda 
antenna and consider as a corner reflector antenna?) of an element number and an antenna, and 
optimization is first performed in this conventional design approach as the decided element 
number and a parameter study in the range of structure. Especially, in the case of a Yagi-Uda 
antenna, the phase and amplitude of a current which are guided to the wave director or a 
reflector act on an antenna property (CG publication: an antenna handbook, pp. 347-354). This is 
a value determined with the structure of component spacing, component length, etc. On the 
other hand, a Yagi-Uda antenna is in the inclination for gain to become large as array length 
becomes long. For this reason, when the antenna was optimized under the conditions which 
limited the selectable range of an element number and component spacing, the result that gain 
becomes high as a result of only lengthening the array length of this antenna is brought, and the 
current distribution on the wave director and a reflector has not necessarily brought optimal 
result, namely, there was a problem that the result that max and the complex component of a 
phase have little amplitude was not brought. 

[0012] Other examples of the design approach of the antenna using GA are shown in drawing 
19 . Drawing 1 9 is called Crookedwire genetic antenna and optimizes the monopole antenna 
which consists of wires which connect the point of the arbitration of a design sky [ which 
consists of O.SIambda (lambda: wavelength) cubes (refer to Edward E.AItshuler and Derek 
S.Linden:"Wire-Antenna Designs Using Genetic Algorithms" IEEE A-P Magazine Vol.39, No.2, and 
April 1997.) ] throughout, and can do it. In this antenna design approach, a degree of freedom is 
in the antenna structure which can be chosen to some extent, it cannot remain in a parameter 
study but optimization of structure can also be measured. However, the number of wires is 
determined beforehand and cannot be applied to optimization of a sector antenna. 
[0013] Next, the design method of the conventional sector antenna which does not use GA is 
explained. Drawing 20 is drawing which is proposed as a small sector antenna for 19GHz band 
wireless LAN and in which showing a multisector monopole Yagi-Uda antenna (MS-MPYA). MS- 
MPYA has many design parameters, as shown in the following [table 1]. Conventionally 
"Maruyama, Uehara, Kagoshima : IEICE TRANSACTIONS B— ll P "the analysis of the small multi- 
sector antenna for wireless LAN using a monopole Yagi-Uda antenna and a design", V0I.J8O-BII, 
pp.424-433, No. May, 1997 [ 5 or ] and", and "1996 Institute of Electronics, Information and 
Communication Engineers synthesis convention:B-105 Maruyama, As shown in Uehara and 
Kagoshima: "analysis of the sector-ized monopole Yagi array with a metal fin installed on the 
finite cope plate"" etc. About the array length for every sector, the radius of a cylinder reflector, 
component length, the height of a reflector, and the length of a metal fin, the parameter study 
was performed independently, respectively and optimization was measured. 
[0014] 
[A table 1] 
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[0015] Moreover, although MS-MPYA performs sector arrangement, makes beam width small by 

using a contiguity array effectively and gain was raising the raising property as shown above "the 

analysis of the small multi-sector antenna for wireless LAN using a monopole Yagi-Uda antenna, 

and a design", it had not resulted in the optimal arrangement of the passive element which 

generalized this. Moreover, as shown in following [table 2], when there were many classes of 

design condition, the property was investigated about each and optimization was measured. For 

this reason, a great effort and time amount were needed. 

[0016] 

[A table 2] 
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[0017] Drawing 21 is the example of the dual tone multifrequency common antenna for the 
conventional base station antenna for mobile communication (Suzuki, Kagoshima refer to 
"arbitration beam width 2 frequency-band common corner reflector antenna" Vol.J75-BII, 
pp.950-956, and No. December, 1992 [ 12 or ]). In the conventional design method, the structure 
of a reflector is determined first. For example, a corner reflector like drawing 21 and Maruyama 
Tamami, Kagoshima It considers as a cylindrical reflector which is indicated in Ken-ichi: "grade 
beam 2 cycle common corner reflector antenna", NTTR&D, Vol.42 No.9 1993., and pp.1135 
September, 1993 [ -1 146 or ]. It was designing by performing a parameter study about the 
corner angle of a corner reflector antenna, corner length, etc. after it. 

[0018] Optimization in the limited conditions had also taken this a great effort and time amount 

like the above-mentioned conventional example. 

[0019] 

[Problem(s) to be Solved by the Invention] as shown above, both the conventional optimization 
approaches using GA and sector antenna design methods carry out a parameter study, after 
limiting structure first — **** — it did not pass but structure was left to an architect's 
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decision. Moreover, by the optimization approach of the Yagi-Uda antenna using the 
conventional GA f an element number could not be made adjustable, but there was no degree of 
freedom also in arrangement of a passive element. By the further conventional technique, there 
was a fault that the device was not carried out at all, about the means of optimization for a 
sector antenna miniaturization. 
[0020] 

[Means for Solving the Problem] This invention is constituted as follows for the purpose of 
solving the above-mentioned technical problem. 

[0021] This invention is the antenna optimal-design approach for designing antenna structure 
using a chromosome (for example, data structure which imitates for a chromosome and is set as 
the object of hereditary processing). The 1st process (S1) which generates only the number 
which defined beforehand the chromosome which consists of at least one component information 
including a location and component length, The component length deletes the following [ a 
predetermined value ] among the component information on the chromosome of this number of 
********** pieces which is alike, respectively and is included. And the 2nd process (S2) which 
leaves one component information among two or more component information that the positional 
information overlaps, and deletes others, the chromosome obtained according to the this 2nd 
process — respectively — being also alike — ******** and the base for 1 sector — with the 
3rd process (S3) which constitutes information The 4th process which generates the component 
information on an antenna based on each of the component information for 1 sector obtained 
according to this 3rd process (S4), By evaluating each of the component information on the 5th 
process which calculates an antenna property, and (S5) and this antenna based on an object 
function (O (x)) based on each of the component information on this antenna The 6th process 
(S6) which ranks it as said number of each chromosome defined beforehand, eye this ** — laws 
— hereditary actuation being performed saving preferentially what was excellent for every 
property based on the rank attached to the **** chromosome, and with the 7th process (S7) 
which generates a new generation's gene cluster It judges whether a new generation's gene 
cluster is filling the predetermined condition of convergence, this — If this predetermined 
condition of convergence is filled, an antenna design is ended and this predetermined condition 
of convergence is not filled, it is characterized by providing the 8th process (S8) which repeats 
the 7th process from said 1st process based on said new generation's gene cluster. 
[0022] This invention can be carried out also as a record medium which stored the program for 
carrying out the 8th process from the 1st process of the above again. 

[0023] the voice of operation of this invention — it sets like, the positional information of a 
component is constituted using cylindrical coordinates (ri, thetai) in said 1st process, and the 
component information on this antenna is generated in said 4th process using the mirror image 
of said component information for 1 sector — you may constitute like. 

[0024] the voice of another operation of this invention — like — setting — said 7th process — 
setting — eye this ** — laws — **** — a number — the chromosome of the predetermined 
number individual which sorted out the predetermined number individual and was this sorted out 
among chromosomes from what has a high rank — the next generation — surely — ** — you 
may constitute so that hereditary actuation may be performed like. 

[0025] In the mode of still more nearly another operation of this invention as said object function 
O(x) =aG(x)-b|A-Re(Z (x)) |-c|lm(Z (x)) |-d|B-HBW|-eAL, however, G (x) — the directional gain 
of this antenna, and Z (x) — the impedance of this antenna — As for HBW, AL the half-value 
width of the radiation directivity within the level surface of this antenna array length (AL=rmax) 
The element number after the auxiliary function formed so that a beam crack might not occur is 
shown and I (x) deletes the short thing of the lap of a component or component length, and a, b, 
c, d, e, f and g T (x) A and B which are a multiplier showing the significance of each item and are 
not restricted to the real number may use the object function which is a desired impedance 
value and half-value width. 
[0026] 

[Example] The example of this invention is explained to a detail, referring to an attached drawing. 
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[0027] [the 1 st example] — the 1 st example of this invention is explained first, referring to 
drawing 1 , drawing 2 , drawing 3 , drawing 4 , drawing 5 , drawing 6 , drawing 7 , and drawing 23 . 
[0028] Drawing 1 shows the model in the case of having cylindrical coordinates and being for a 
sector antenna miniaturization. In drawing 1 , a notation "O" shows the location of feed 
component #1, and is arranged on a shaft with an include angle [ of a polar coordinate ] of phi= 0 
degree in the location of the distance r of the arbitration from a zero. The notation "-" shows 
passive element #2 to #j. 

[0029] Each component is defined by Parameters hi and ri and phii. hi expresses the component 
length of the i-th component, and, as for ri, the distance from the zero of the i-th component 
and phii express the include angle of the polar coordinate of the i-th component here (i^SI-ttj). 
[0030] Moreover, the chromosome (data structure set as the object of hereditary processing) 
which is the unknown train of GA algorithm showing a sector antenna is constituted as shown in 
drawing 2 . That is, this chromosome consists of the feed component section (it is equivalent to 
feed component #1) which consisted of distance r#1 from a zero with the component length h#1, 
and the passive element section (it is equivalent to passive element #2 - #j) which consists of 
combination of the individual which each becomes from the component length hi, distance r#i 
from a zero, and include-angle phi#i of a polar coordinate G~1X 

[0031] Here, as shown in drawing 1 , an antenna is sectorHzed, and it divides into two or more 
sectors. The number of sectors is determined beforehand. The number of sectors is set to S and 
maximum phimax of phi used for the analysis of an antenna property is made into 180/S ". 
Moreover, about distance r#i from the zero of an antenna element, the maximum rmax and the 
minimum value rmin are set up beforehand. A limit is prepared also about component length h#i, 
using the minimum value hmin as 0.07lambda using the maximum hmax as 0.4lambda (lambda: 
wavelength). Thereby, the excitation conditions of an antenna are determined. 
[0032] Thus, structure of an antenna is expressed and sectorHzed by the polar coordinate, the 
excitation condition is determined, each element value (h#i, r#i, phi#i) of each chromosome which 
is the unknown train is determined using a random number, and a chromosome as shown in 
drawing 1 is created. Thus, only the population which defined the chromosome created 
beforehand is prepared ( drawing 23 : step S1). 

[0033] in addition, the following explanation — setting — explanation — for convenience — the 
number of sectors — minimum value:rmin= of the distance from the zero of :S=1 2 and an 
antenna element — 0 [lambda] (lambda: wavelength) and this maximum:rmax= — under 5 
[lambda] and the conditions which make the population N of a chromosome 1 20 pieces Although 
explained as what performs optimal design of an antenna, it is not limited to the bottom of this 
condition, and according to a desired antenna property etc., these conditions are set as 
arbitration and this invention can perform them. 

[0034] Next, it moves to step S2 of drawing 23 . Here, according to the conditions defined below, 
the element number is determined to each 120 chromosome prepared at said step S1. 
[0035] First, while component length h#i deletes the component about the thing of under 
0.1 lambda, the overlapping component is removed when a part of component laps. The 
component which remained after this clearance serves as an element number of that 
chromosome. This component clearance processing is performed about each chromosome. Thus, 
it means that the component location of the one half of 1 sector centering on phi= 0 degree was 
defined in the antenna corresponding to each chromosome in saying [ determining an element 
number for every chromosome ]. 

[0036] Thus, in the antenna structure which sets up an unknown with a random number and is 
acquired for every chromosome, this passive element operates also as a reflector also as the 
wave director according to the component length and the coordinate location obtained picking of 
a passive element Therefore, the antenna structure corresponding to a chromosome acquired in 
the above-mentioned step 2 can be regarded as a fusion model of the antenna which has a 
passive element (wave director) like an antenna with a reflecting plate like a corner reflector 
antenna, and Yagi and the Uda array antenna. 

[0037] Next, step S3 of drawin g 23 is explained. In this step, based on the component location of 
the one half of 1 sector centering on phi= 0 degree appointed in said step S2 etc., it opts for 
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component arrangement of one half besides 1 sector by creating the mirror image of the 
component centering on phi= 0 degree, and these both determine the component location of the 
whole 1 sector. In addition, in case a mirror image is created, when a part of component laps on 
the borderline of a sector, processing for which the core of the component is moved on the 
borderline of a sector is performed. By performing the above-mentioned processing about all 120 
chromosomes, the component arrangement for 1 sector will be created by 120 pieces. 
[0038] Next, it can carry out based on component arrangement of 1 sector created at said step 
S3, and the structure of the one whole sector antenna can be set for component arrangement of 
the remaining sectors (1 1 sectors) linear transformation or by making it rotate to every 2xphimax 
(=360-degree/S) centering on the zero of a polar coordinate. By performing this linear 
transformation or processing by rotation about each 1 20 chromosome, the sector antenna 
structure for 1 20 pieces is created. This is step S4. Completion of processing of step S4 
determines 120 sector antenna analytic models with which the element number was set up with 
adjustable. 

[0039] Next, an antenna property is calculated using Improved Circuit Theory (I. C.T law) about 
each of 120 sector antenna analytic models determined by said step S4 (step S5). I. — C.T — 
the detail of law — reference — " — Inagaki and Sekiguchi: — " — a line — strict design" 
which makes max directional gain of the array which uses an antenna as a component, and IEICE 
TRANSACTIONS — it is stated to (B), 53-B, No.11, pp 687-692, 1970", or "N.Inagaki: "An 
improved circuit theory of a multi-element antenna.", IEEE Trans.on AP, Vol.17, No.2, p.120, 
March, 1969" 

[0040] After calculating the antenna property of all models by said step S5, fitness function f (x) 
is used for the object function O (x) list defined by the following (8) types and (9) types, and all 
1 20 chromosomes are ranked (step S6). 
[0041] 

O(x) =aG(x)-b|50-Re(Z (x)) |-c|lm(Z (x)) |-d|30-HBW|-eAL +fT(x)-gl (x) (8) 

f (x) 0[ =] (x)- (Oavg-alphasigma) (9) 

G (x) of (8) types shows directional gain, Z (x) shows the auxiliary function which prepared array 
length (AL=rmax) so that, as for AL, a beam crack might not generate the half^value width of the 
radiation directivity [ HBW ] within the level surface for an impedance, as for T (x) here, and I (x) 
shows the element number after deleting the short thing of the lap of a component, or 
component length. Moreover, a, b, c, d, e, f, and g are the multipliers showing the significance of 
each item. 

[0042] Moreover, Oavg of (9) types shows the average of O (x), and sigma shows the standard 
deviation of O (x). Furthermore, alpha of (9) types is a multiplier which performs weighting to 
sigma, and takes the value of the range of 1<=alpha< : = : 3. 

[0043] (8) When a formula is seen, although what has high gain, what has an impedance close to 
50 ohms, the thing from which the half-value width of the radiation directivity within the level 
surface becomes 30 degrees, and array length are short, it turns out that it is a function aiming 
at making priority high. 

[0044] The half-value width of the radiation directivity within the level surface fulfills the target 
in the case of performing analysis of an array antenna property now for 30 degrees, and suppose 
that what satisfies the conditions which make array length min is obtained. Since priority may be 
given to another item depending on how to choose the multiplier of the above-mentioned (8) 
formula, caution is required for selection of a multiplier. Here, although explained as a thing of 
explanation which set the multiplier a of (8) types to 200 for convenience, analyzed 100 for b and 
c2, and d, and analyzed 5 and g for e as 1, how to choose a multiplier in this invention is not 
limited to this, and the value of each multiplier can be set as arbitration. 
[0045] Next, step S7 is explained. Hereditary actuation shown below is carried out saving 
preferentially what was excellent in the antenna property out of 120 chromosomes ranked in said 
step S6. 

[0046] Here, in carrying out this hereditary actuation, there are two kinds of approaches, roulette 
Conservation Act and elite Conservation Act. About the detail of these approaches, it is written 
to reference "D. E.Goldberg, "Genetic algorithms in serach, optimization and machine learning", 
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Reading, Mass.:Addison-Wesley, 1989/' The outline is explained below. 
[0047] First, roulette Conservation Act is explained. 

[0048] The roulette constituted so that the probability for the high thing of a rank to be chosen 
from the ranked chromosomes might become high is prepared. A turn of this roulette chooses 
one chromosome. Actuation of newly selecting 120 chromosomes is performed by repeating 
selection of the chromosome by this roulette 1 20 times. In this selection actuation, the high 
chromosome of a rank may be chosen two or more times highly [ possibility that more high 
chromosomes of a rank will be chosen ]. On the other hand, possibility that the low chromosome 
of a rank will be chosen by this roulette will be extinguished gradually low therefore. As a result, 
the high chromosome of a rank has priority and is chosen. 

[0049] In this way, the parents of mating (exchange the element of the one half of a 
chromosome mutually) are chosen at the rate of mating set up beforehand out of two or more 
selected chromosomes. Although the rate of mating can be set as arbitration, when the rate of 
mating is set to 0.5, for example, 60 chromosomes are elected from 120 chromosomes chosen by 
this roulette. Which approach may be adopted, although it can choose out of 120 chromosomes 
at random, it can consider as 60 chromosomes chosen first or that selection approach can be 
variously considered in the approach of choosing these parents. 

[0050] Thus, when choosing 60 chromosomes which serve as parents of mating, next every two 
of these parents are made into a pair, each chromosome is divided into one half, and it is made 
to cross by pairs. 

[0051] Furthermore, the chromosome of mutation is created by the probability beforehand 
defined out of 1 20 chromosomes obtained in this way. This mutation carries out some elements 
of the selected chromosome by changing suitably. 

[0052] The above hereditary actuation processing generates a new generation's chromosome 
group. 

[0053] This is the hereditary actuation which makes a new generation's chromosome in step S7. 
[0054] Since the preferential rank is performed for the chromosome so that the probability for 
the thing which has an excellent antenna property to be chosen and left behind in step S7 may 
become high as above-mentioned, the probability for what was excellent in the property in a new 
generation's chromosome to remain becomes high. 
[0055] Next, elite Conservation Act is explained. 

[0056] It chooses as a chromosome saved without ranking it as each of all 120 chromosomes, 
choosing the chromosome of the number beforehand defined sequentially from [ with a high 
rank] the inside of this 120 ranked chromosome first, and changing this as it is by processing of 
said step S6 as above-mentioned. For example, the chromosome of 20 high orders shall be 
chosen. The remaining number which should be chosen in order to prepare 120 chromosomes 
which serve as parents of the mating for performing hereditary actuation becomes 120-20=100 
piece. Roulette with which the probability for the high thing of a rank to be chosen from the 120 
ranked chromosomes same here as the roulette used in above-mentioned roulette Conservation 
Act becomes high is prepared, this is repeated 100 times, and is turned, and actuation of newly 
selecting 100 chromosomes is performed. 

[0057] Next, the parents of mating (exchange the element of the one half of a chromosome 
mutually) are chosen at the rate of mating beforehand set up out of these 100 pieces. For 
example, 0.5, then 50 chromosomes will be chosen for the rate of mating. Although it can choose 
at random, it can consider as 50 chromosomes chosen first or that selection approach can be 
variously considered when choosing these parents, you may elect by which approach. 
[0058] Thus, when choosing 50 chromosomes which serve as parents of mating, two 
chromosomes which serve as these parents next are made into each pair, each chromosome is 
divided into one half, and it is made to cross by pairs. 

[0059] Furthermore, the chromosome of mutation is created by the probability beforehand 
defined out of 100 chromosomes obtained in this way. This mutation carries out some elements 
of the selected chromosome by changing suitably. 

[0060] Thus, 20 chromosomes chosen as a chromosome which it leaves certainly preferentially 
first, and 100 chromosomes which chose after that and added hereditary actuation are doubled, 
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and 1 20 new chromosomes are born as a new generation's chromosome group. It is the example 
of formation of the chromosome of a new generation when this uses elite Conservation Act. 
[0061] In addition, setting up conditions further is also considered so that a better result may be 
obtained in the above-mentioned hereditary actuation, but since it is not the essence of this 
invention, please refer to the reference mentioned above about those details. 
[0062] The above-mentioned actuation is performed at step S7 of drawing 23 . 
[0063] Next, whenever [ the chromosome group's convergence ] is judged at step S8, if 
whenever [ convergence / which was set up beforehand ] is satisfied, it will move to step S9 and 
actuation will be ended. On the other hand, if whenever [ convergence ] is not satisfied, it 
returns to step S2, and the above-mentioned actuation is repeated. In the judgment of whenever 
[ convergence ], it can confirm whether said Oavg is in a convergence condition, or said sigma 
can judge to it by what is become small (0 is approached). 

[0064] Moreover, as criteria which judge whether it is in a convergence condition, when an 
antenna property adds the criteria which judge to various parameters whether it is converging on 
the desired value, it becomes possible to design the array antenna of a still better property. 
[0065] The operation result of the antenna optimal-design approach concerning this example at 
the time of using roulette Conservation Act for below is shown. In addition, in this operation, the 
rate of mating is set to 0.5 as an active parameter of above-mentioned roulette Conservation 
Act, and a mutation rate is set to 0.001, and the chromosome of the 1st generation to the 90th 
generation is formed and analyzed according to the antenna optimal-design approach which sets 
100 and e to 5, sets g to 1, and starts this example in the multipliers a200, b, and c2 of the 
above-mentioned (8) types, and d. 

[0066] Drawing 3 is the graph which showed the average of object function [ for every 
generation ] O (x), and whenever it piles up a generation, signs that it is completed by the 
average of an object function understand it. 

[0067] It turns out that drawing 4 shows the value of the hall^value width of the radiation 
directivity within the level surface for every generation, and it is converging on 30 degrees which 
is a desired design value. 

[0068] Although it is shown how the average for every generation of an input impedance 
converges drawing 5 and the reactance component X is converged in the place near the desired 
value 0 [omega], the resistance component R is converged from 50 [omega] of the 100 [omega] 
neighborhoods and a request in a little distant place. In (8) types, since the value of a multiplier b 
is lower than others, the significance of the item of this resistance component falls, and since 
this element was made light of, this is considered. 

[0069] Moreover, the arrangement of a passive element and the relation of the component length 
of each component which were obtained by the algorithm of this invention shown in drawing 23 
are shown in drawing 6 . The antenna structure shown by this drawing 6 is the configuration 
which cannot be drawn by the technique of carrying out sector arrangement of the conventional 
Yagi-Uda antenna and the corner reflector antenna, and performing a parameter study. The 
radiation directivity within the level surface of this antenna structure is shown in drawing 7 . The 
result which a gap does not have in the direction of a main beam, either, and realizes half-value 
width of 30 degrees of the radiation directivity within the level surface is obtained so that 
drawing 7 may show. 

[0070] Thus, by the conventional approach, the antenna design to the miniaturization of a sector 
antenna even including the difficult antenna structure becomes easy by application of Genetic 
Algorithms by using the approach of this invention. 

[0071] The [second example], next the second example of this invention are explained. 
[0072] This second example is the same as said first example except for the point that the 
object functions used in Step6 differ. 

[0073] The object function in the second example is term-(10) of the following which deletes gL 
(x) and is obtained type which gives constraint to the function fT (x) formed so that term +kSL 
(k is a multiplier and SL is a side lobe level) which reduces a side lobe, and term +hBL (h is a 
multiplier and BL is a back lobe) which reduces a back lobe might be added to the 
aforementioned (8) formula and a beam crack might not occur, and an element number. 
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[0074] 

O(x) =aG(x)-b|50-Re(Z (x)) |-c|lm(Z (x)) |-d|30-HBW|-eAL +kSL+hBL ... (10) 

In addition, fitness function f used in step S6 (x) If it attaches, the same aforementioned (9) 

formula as the first example is used. 

[0075] The antenna optimal-design approach concerning the second example of this invention 
was performed, it optimized and **** antenna structure was acquired. The example of 
arrangement of the passive element in the optimized this antenna structure is shown in drawin g 
8 , and the radiation directivity within the level surface is shown in drawing 9 . The reduction 
term of a side lobe and a back lobe added by (10) formulas so that drawing 9 might show shows 
that the side lobe and the back lobe are reduced. 

[0076] Here, the side lobe aimed at becoming -10dB or less in 45 degrees < phi< 150 degrees in 
this example, in order to attain this target, when a side lobe level fills -10dB or less, an 
assessment value is made high (in this example, it was set as kSL=1 000.0), and an assessment 
value is lowered when not filling -10dB or less (in this example, it was set as kSL=-100.0) — it 
specified like. Moreover, it was specified that a back lobe makes an assessment value high when 
back-lobe level fills -15 or less bBs in 150 degrees < phi< 180 degrees for the purpose of the 
level being set to -15 or less bBs, and it made an assessment value low when other. Thus, it 
sets to this invention and is object function O (x). The discrete function may be contained in 
inside. This technique is advantageous compared with other technique, when solving the problem 
which cannot be expressed with a continuous function. 

[0077] In addition, at this example, it is object function O (x). Since term I (x) about an element 
number was not prepared, the element number for every sector has increased a little with 22. 
[0078] Although the location of each component was specified using the cylindrical coordinate 
system in the first of [third example] this invention, and the second example, this invention can 
be carried out, also when using a rectangular coordinate system instead of a cylindrical 
coordinate system and specifying the location of each component. The case where this 
rectangular coordinate system is used is explained below as the third example. 
[0079] in this example using rectangular coordinates, although the processing which set up 
component arrangement of the antenna in that differed to the flow of this invention showed in 
drawing 23 so that a definition of the chromosome in step S1 might state below, and the concept 
of sector-izing be removed (processing of step S3 and S4 change) change, as an algorithm, it be 
the same as that of the 1st and 2nd above-mentioned examples. 

[0080] First, the configuration of the chromosome used in this example is explained. Drawin g 10 
is an example of an antenna configuration at the time of using rectangular coordinates, let 
passive reflector #2 which make an unknown each coordinate (x y) and the component length H 
to feed component #1 which has the component length H#1 fixed to the zero (coordinate (0 0)) 

at this antenna, #m, and each coordinate (x y) and the component length H be unknowns less 

— feed wave director #m+1 to #n is prepared, m is the two or more natural numbers, and n is 
the three or more natural numbers here. In addition, it sets for the example of an antenna 
configuration shown in drawing 10 , and, only for # 2, a passive reflector is. (m= 2) The wave 
director non-supplied electric power is #3 to #6 (n= 6). 

[0081] In drawing 10 , the notation "O" shows the location of feed component #1, and arranges 
it at a zero. # 2 - #m is a reflector which consists of passive elements arranged on the tooth 
back of a feed component, or a side face. A reflector can be identified with a reflecting plate 
when component spacing is below 0.1 lambda (Kraus J.D:Antennas Second Edition, p. 556, 
McGRAW-HILL, 1988.). Notation - is wave director #m+1-#n which consists of passive elements. 

[0082] The chromosome corresponding to the antenna which consists of nothing feed wave 
director #m+1 to #m from the above feed component #1 and passive reflector #2 and #n is 
shown in drawing 1 1 . This chromosome consists of the feed component section, the reflector 
section, and the wave director section. The feed component section stores the component 
length H#1 of the feed component. The reflector section stores each x-coordinate value of 
passive reflector #2 to #m, a y-coordinate value, and component length (RXi, RYi, Hi) (from i#2 
to #m). Moreover, the wave director section stores each x-coordinate value of nothing feed 
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wave director #m+1 to #n, a y-coordinate value, and component length (DXi, DYi, Hi) (i is #n from 

#m+1). In addition, although a reflector and the wave director section are independently prepared 

in the above-mentioned example, respectively, when the conditions given to the maximum of a * 

reflector and each wave director, the minimum value, the number of bits, etc. do not need to be 

divided, it may not dissociate in this way but you may unify as one kind of passive element 

section. 

[0083] the above-mentioned chromosome — setting — the property of each component — or 
(RXi, RYi, Hi) (DXi, DYi, Hi) it determines. The range of each unknowns RXi, RYi, DXi, DYi, and Hi 
is appointed as follows, respectively, and excitation conditions are determined. 
[0084] 

RXi : The minimum value RXmin = 0; maximum RXmax -0.25, RYi : = The minimum value RYmin = 
0; maximum RYmax = — 1.0 and DXkminimum value DXmin = 0; maximum DXmax = — 5.0, 
DYkminimum value DYmin = 0; maximum DYmax = 1.0, and Hi : Minimum value Hmin = 0 ; It 
determines using maximum Hmax = 0.35, each element value (RXi, RYi, Hi) of each chromosome 
which the structure of an antenna is expressed with rectangular coordinates, and the excitation 
condition is determined as mentioned above, and is an unknown train, and (DXi, DYi, Hi) a random 
number, and a chromosome is created. Thus, only the population which defined the chromosome 
created beforehand is prepared (step S1). 

[0085] Next, the element number in each chromosome is determined (step S2). In each 
chromosome, when the element value contained in a different component is the same (i.e., when 
a part of structure of a component has lapped), or when the component length Hi is smaller than 
the value defined beforehand, the component is removed from the chromosome. 
[0086] Thus, a mirror image is created to the X-axis so that the radiation directivity within the 
level surface may be applicable to the direction of a transverse plane about the obtained 
elements. Under the present circumstances, the component on the X-axis is deleted. This 
processing is performed about each chromosome of said population defined beforehand, and only 
the number as which the antenna analytic model with which the element number was set up with 
adjustable was determined beforehand is determined (step S3'). 

[0087] Next, an antenna property is calculated by using Improved Circuit Theory (I. C.T law) 
about said all antenna analytic models (step S5). Fitness function f (x) is used for an object 
function O (x) list based on count of this antenna property. Ranking all chromosomes and saving 
preferentially what was excellent in the antenna property out of (step S6) and the ranked this 
chromosome hereditary actuation — carrying out — a new generation's chromosome — making 
(step S7) — the last — this — ****** — whenever [ convergence / of a generation's 
chromosome ] is judged, and if whenever [ convergence / which was set up beforehand ] is 
satisfied, processing will be ended and whenever [ this convergence ] will not be satisfied, the 
above-mentioned processing (from step S2 to step S7) is repeated. 

[0088] Next, the concrete operation result when using the chromosome by this rectangular 
coordinates is shown. 

[0089] It sets to this operation and is object function O (x). It carried out and the following (11) 

types were used. 

[0090] 

O(x) =aG(x)-b|50-Re(Z (x)) |-c|lm(Z (x)) |-d|30-HBW|-eAL+fT(x) ... (11) 

Arrangement of the passive element obtained as a result of having carried out the third example 
using the above (1 1) is shown in drawing 12 . this — " — the arrangement which can take a value 
with the beam width of the radiation directivity within the level surface near [ 30 degrees and an 
impedance ] 50 [omega] among the structures which scatter a passive element in the given 
space and are acquired, and can make array length small — some — " — ** — it is the result 
of solving the problem to say by the count and GA by rectangular coordinates ICT. the radiation 
directivity within the level surface to the antenna structure of having arrangement of this profit 
**** passive element is shown in drawing 13 . As shown in this drawing, the beam width of 30 
degrees is filled in this antenna structure. 

[0091] As shown above, rectangular coordinates GA-ICT like the third example of this invention 
also serves as an effective means for considering arrangement of the component for acquiring a 
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request property. However, it is more desirable to use the cylindrical coordinates which are the 
1st example of this invention, since setting out of the range of a Y coordinate becomes difficult 
in the case of rectangular coordinates in case the arrangement which becomes small is 
considered, when it sectorHzes. Moreover, although it is shown that the side lobe and the back 
lobe have generated about -10dB of drawin g 13 , this is object function O (x). It is because the 
convention (kSL in said second example, hBL) for reducing these is not put in. 
[0092] [Example which is the fourth] The fourth example of this invention is shown below. This 
example is the same as that of said third operation except for the point which did not separate a 
reflector and the wave director but has only been unified as a passive element. 
[0093] The configuration of the chromosome of this example is shown in drawing 14 . This 
chromosome consists of the feed component section and the passive element section. The feed 
component section stores the component length H#1 of the feed component, and the passive 
element section stores each x-coordinate value of #n, a y-coordinate value, and component 
length (DXi, DYi, Hi) from passive element #2 (from i#2 to #n). 

[0094] The result of having performed the antenna optimization design approach concerning this 
fourth example is shown below. Here, the conditions given to DXi, DYi, and Hi presupposed that 
it is the same as that of the 3rd above-mentioned example, and used the following (12) types 
instead of (1 1) types as object function O (x). 
[0095] 

O(X) =aG(x)-b|50-Re(Z (x)) |-c|lm(Z (x)) | ... (12) 

Optimization of the antenna in this example is exactly with solution Lycium chinense about the 
problem "whether it operates as an antenna with which high gain will be acquired if it is made 
what kind of component length and component arrangement when only the maximum of an 
element number is decided and a passive element is scattered in the space where magnitude 
was decided." The result calculated using the optimization technology of this example is shown 
in drawing 15 and drawing 16 . Drawing 15 is the example of arrangement of the passive element 
in the antenna structure acquired as a result of enforcing this optimization approach. The 
radiation directivity within the level surface of the antenna which has arrangement of this 
passive element is as being shown in drawin g 16 . In the optimized antenna, the half-value width 
of 22 degrees and 12dB of gains were acquired so that drawing 16 might show. The thing with 
gain a little low for array length 5lambda is because it has the structure of setting no 
components back from the feed component. 

[0096] When the description of the first of this invention and the second example showed the 
conventional design method shown by drawing 22 and it is compared, (1) The point of 
generalizing a chromosome using system of coordinates and not restricting the conventional 
component spacing to the specific structure of component length, (2) The point which has 
adopted cylindrical coordinates, and the cross coupling between (3) sectors are taken into 
consideration. It is in a mirror image, the point of reducing computational complexity, making full 
use of linear transformation, and the function for (4) at the point which has adopted the term 
which gives priority to what has the small beam width near constant value and antenna size 
aiming at a sector antenna miniaturization. 

[0097] When the description of the third and fourth examples of this invention showed the 
conventional design method shown by draw ing 22 and it compares, it generalizes a chromosome 
using (1) system of coordinates, and is [ the point of not restricting the conventional component 
spacing to the specific structure of component length, and ] that it has adopted the point of 
reducing computational complexity, making full use of (2) mirror images. 
[0098] In addition, even if it changes a feed component as for plurality and changes all 
components into a feed component from a passive element by this invention, it cannot be 
overemphasized that the effectiveness same with having been shown in this description is 
acquired if needed by adding the term of the unknown of a phase and the amplitude to a 
chromosome by the element number. 
[0099] 

[Effect of the Invention] As explained above, according to this invention, it becomes possible to 
optimize especially, arrangement of the component of a sector antenna, the Yagi-Uda antenna 
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using the array of a passive element, and the antenna of the corner reflector type which can 
approximate a reflecting plate in the train of a passive element in the high place of a degree of 
freedom so that a request property may be fulfilled. According to this invention, the structure of 
a chromosome can make an element number into an unknown especially in the fixed-length 
state. It is possible to optimize beam multifrequency common problems, such as a miniaturization 
problem of the sector antenna of arbitration, using this invention, and it is a means effective in 
miniaturization optimization of a beam multifrequency common antenna, such as miniaturization 
optimization of the antenna for wireless LAN, and an object for mobile communication base 
stations. 

[0100] Moreover, according to this invention, analysis including the effect of the cross coupling 
produced between sectors is easily realizable. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The antenna element using cylindrical coordinates is the block diagram of a location. 
[Drawing 2] It is drawing showing the example of a configuration of the chromosome at the time 
of using cylindrical coordinates. 

[Drawin g 3] It is drawing showing the situation of convergence for every generation of an object 
function. 

[ Drawing 4] It is drawing showing the situation of convergence for every generation of beam 
width. 

[ Drawing 5] It is drawing showing the situation of convergence for every generation of an input 
impedance. 

[Drawing 6] It is drawing showing arrangement of the passive element in the antenna structure 
acquired as a result of operation of this invention. 

[Drawing 7] It is drawing showing the radiation directivity within the level surface in the antenna 
structure acquired as a result of operation of this invention. 

[Drawing 8] It is drawing showing arrangement of the passive element in the optimized antenna 
structure. 

[Drawin g 9] It is drawing showing the radiation directivity within the level surface in the 
optimized antenna structure. 

[Drawing 10] It is drawing showing the example of an antenna configuration using rectangular 
coordinates. 

[ Drawing 11] It is drawing showing the example of a configuration of the chromosome at the time 
of rectangular coordinates. 

[Drawing 12 ] It is drawing showing arrangement of the passive element obtained as a result of 
having carried out the third example. 

[Drawin g 13] It is drawing showing the radiation directivity within the level surface of the antenna 
structure acquired as a result of having carried out the third example. 

[Drawing 14] It is drawing showing the example of a configuration of the chromosome at the time 
of the rectangular coordinates in the fourth example. 

[ Drawin g 1 5 ] It is drawing showing arrangement of the passive element in the antenna structure 
acquired as a result of enforcing the optimization approach in the fourth example. 
[Drawing 1 6] Radiation directivity within the level surface in the antenna structure acquired as a 
result of enforcing the optimization approach in the fourth example 

[Drawin g 17] It is drawing showing the structure of the conventional four-element YagiHJda 
antenna. 

[ Drawin g 18] It is drawing showing the configuration of the chromosome of the conventional 
four-element Yagi-Uda antenna. 

[ Drawin g 19] It is drawing showing conventional Crooked-Wire genetic antenna. 
[Drawing 20] It is drawing showing the structure of the conventional multisector monopole Yagi- 
Uda antenna. 

[Drawing 21] It is drawing showing the beam 2 cycle common antennas for the conventional 
mobile communication base station etc. 
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[Drawing 22] It is the flow chart which shows the design approach of the YagiHJda antenna using 
the conventional conventional GA. 

[Drawing 23] It is the flow chart which shows the antenna optimal-design approach concerning 
the 1st example of this invention. 
[Description of Notations] 
hi: Component length 

: (xi f y, zi) Rectangular coordinates of a component, 
: (ri, thetai) Cylindrical coordinates of a component 
phii: Phase 

O (x): Object function 
S: The number of sectors 



[Translation done.] 
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Improved Circuit Theory (I. C. Tg)^ffl^T7> 
x-M$tt©"HW*ff5 (Xf77S5) 0 I. C. Tft 

©bhhko^-ci^ ffliAtf, mm, hp : -»# 

30 7>x^*^?fT57 U-f©»|ftttJRHI*«*fr* 
M^&l£f+" , e^H(B),53-B,No.ll,pp687-692,197 
OJ -f" TN. Inagaki : "An improved circuit theory of 
a multi-element antenna." , IEEE Trans, on AP.Vol. 
17,No.2,p.l20,liarch,1969J E3$^£ftT^3 0 
[0 0 4 0] BufHXx>y^S 5tJ;t)^ : ex;l/©7>x 
tWtWULft'I-e, J-XT© (8) 5£&tf (9) St? 

susnswfiHi&o (x) itrf ic-A&iinft f (x) 

*ffl^T* 1 2 0<@©±&fe#©7>*tftt*ff 5 (X 
•r-y^S 6) o 
40 [00 4 1] 

* 

-c | Im(Z(x)) | -d I 30-HBW ! — eAL 

(8) 

(9) 

e, f&tfgtt, ^n^n©«i©Bsg%s-r^i!iT- 

[0 0 4 2] ^fc, (9) S©0.v g liO (x) 
±3ffi*SU ottO (x) ©«*flg*^L.Tl^3e H 
C (9) S©ott, ot»UT»*(*»*fTdflka-efe 
50 oT, 1 ^a^3©eH<D«*ffiSo 
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[00 4 3] (8) Wftl^©, ^> 

[0 0 4 4] 4, 7U-7>7 l ^Wtt©j!Wf*fT3»& 

fcfc-rs,, ±e (8) aoflascaiwtioTtt, ai 

ttfflfcGWPfc*. CCttt KW©flEg± (8) S 
O«Sta*2 0 0fcU bRXfcZZ. d*100, e 
g*l fcLTfWLfcfcOkLTitlii-rajft * 

[0 0 4 5] *IC, ^f7/S 7 fcOlr*TWJM-*. tO 

[0 0 4 6] CCT, CflWlfil>»flF**lir*fcafc 

E.Goldberg, "Genetic algorithms in serach.optimizat 
ion and machine learning", Reading, Mass. : Addison-W 
esley,1989.J lCftfrtlTt'>&. WTK*®«Bi%BiW 

[0 0 4 7] £f\ h«fi86EO^TBWIT 

So 

[0 0 4 8] 7>*lW£ftfc»fif*0*fr55>*<D 

2 0@«t)3I-3-ci:fc«fct)» «rfc£i 2 0{@©& 
fc 5 > * ©a ttWKSSif n* njfiltt t> $ 5c 

[0049] c 5 LTasj^tifeaasosftfei*©*^ 
a^csarr* c w ©«*ii.5o 

-W Hc<fc9jIIR2ftfc 1 2 0fflO8ifeft*^6 0{@ 
OlftftftjWBW^nSo C0«*»S358fctt, 120 



(7) ftffl 2 0 0 1 - 2 5 1 1 3 4 

12 

[0 0 5 0] COJ:3icLT£E0&l:fcS6 OffiOSfe 
fett*8A,7£5, 3Wcilti50ii*2fl|-fo»KLT, 

[0 0 5 1] miCCo LTt#S>ftfc 1 2 OfllO&feftcD 

[0 0 5 2] W±OJtefl*fl»ffJ!SKJ:^Tiffcft1ft^ 
10 [0 0 5 3] Cfttf, X-f ?rs 7fc6H-«fflAMtttt 
[0 0 5 4] ±I2©jID, X7-yy"S 7 Jcfc^Tti, 7 
ft < * 3 «fc 5 EJfefitt K ffiftlft v > £ tttt^ff o T 

[0 0 5 5] xy-h«ffttlcoi/^TKWr*o 
[0 0 5 6] fl938©iI!K tuiexr>yys 6©JfiJlfcJ: 

0. 1 2ora©£&fe#©*n^n£5>*tttt*fT 

20 V\ C©7>*tttt£ftfc 1 2 0ffl<D*fe{W>4'#*&, 

HR-rSo mtf±fi[2 0ffll©!fefeft:*l!JR-r*t)O4: 

1 2 OffiJBKf SfcfcCaft-f ^*S9©fl»tt 1 2 0 
-20 = 1 00ltft?.c llT, W5!i£D;l/-U-y h« 

it^n/ci 2 o{a©^fefr©4 , ^6.v>^©iftt,^<D* v 

30 £ft£ 1 0 OHfSDilLTiHlU frfclc 1 0 0ffl©^fe 
[0 0 5 7]^(C, COlOOiaoWfftSSLft 

©is***. ey*tf5E**o. st-rntrsoffl 
novate ioTiwiTts^. 

[0 0 5 8] C(D£5KLTx.M(Dmt%S>5 0m<D%i 
[0 0 5 9] Mtdd LTtf^nfc 1 0 0ffi©^feft© 
[0 0 6 0] CtDiotcLT, S^tffi5feWtSi^t?l 

■TJftfe{*l:LTaA/«2 0flOftfe(*4:, *©a«A/e 
aeKfl»ff*toAfc 1 0 0fi©^feft^^t>-fi:T, 1 2 
50 0ffl««ffcftiftfe(tA<*r1fi«<0Sfifift^U-yi: LTH 



(8) 
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[0 0 6 1] COfftfcfc, M$©fi<5Wjift©*T\ «fc 

C0 06 2] ±fB££{f 2 3 ©7.7 >y 7 S 7 T?frfeft 
[0 0 6 3] #lc, 77-y7S 8T?*05ftfe*^;l/-7 r ' 

»ff *«•)«■«■. usautowjeictt, ioieo... 

5fcbagfcfc*fr £ 5 fr7x v * Lfc 0 , MG a < 
[0 0 6 4] Sfc, iBOK«HMcft*A»if53!»»*W3&r4 

[0 0 6 S]WT£, h«#&%ffli^fc*£© 

*£0. OOltU SfcMji© (8) a©«»a%2 
00, b5tfc*2, d£rl00, e£:5, g*l£ 

[0 0 6 6] B3am«SO»*B8ao (x) ©¥*£<! 

[o o 6 7] 0 4 imm<07k¥-ftfttiL%mfa&co¥m 

«Ot*fxLT*t), Bra<O88W-tf"Pa6S3 0* KiDCfi 
0(x)=aG(x)-b I 50-Re(Z(x)) I -c 
+kSL+hBL ••• (10) 
443, 77-y7S 6 tfeV^Tffiffl-TSaUSSMSfcf (x) 
EO^TB*-4>jlStWfcH*©tffl5 (9) aSfcffl^ 

So 

[0075] *5m<Dm-<D$mmizfrfr&T >7~rm 
(D&mmzm 8 ^©7.k¥ffirtSx:Mt[Bjtt£0 9 

to i9frP.W5J:^: (10) ST'iiillLfc+M' K 
p-7i:^<y^D-7^£M«t=kD, Kn-7fc 

[0 0 7 6] ZCT\ *-rKa-^tt4 
5' <$<1 50' ©S6BT-- i o d BtTFtfcSCi: 
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[0 0 6 8] 05«A*-r7^-^>7®te^©¥l§ 

J*»XttmaoffiO [Q] lCj£v^i!5T«LTV^ 
b->7^>XS^Rai00 [0] ifi2fc/9T3©5 

0 [Q] ti^lt^mixtztn 6T'iSMLTl^o ZLft 
ti, (8) £Efc^T^b©*#flW:»)fcffit\fc«>K 

10 [0 0 6 9] S fc, 02 3 t^-r*%^©7;b=3 U 
J; 0 *3 6 tittM&tttQBM i: ©Sl?fi©M 
«*H6K:^r«, t©B6?^2nfc7>7"?Nlligtt, 
ft*©A*- : ?ffl7>'77, n-tiJ7l/^^7>rt 
*-tr ^ 7 Eg L T><7 * - 7 X 2 7f *fr 3 ¥ S f 

ffil*lSx*tti!Rj1±%E 7 KtfTc B7fr&fc*»5«fc3fc:» 

[0 0 7 0] £©£?};:, *fg«©#j£*fli^sci: 
20 T\ Genetic Algorithms©Sfflt<t 0, &3tE©73?£T?li 
BftT-£ o fc7 yri-m& S -e*£tyfc 7 * 7 >77© 
/MMfcfcttT S 7 >-r •J-RtttfSS i: & 5 „ 

[00 7 1] BB-©*JMH *5£HJ3©|g-©ll 

[0 0 7 2] frfr3^-©HfiS0!H;J:, S t e p 6fc33l> 

[0073] siio^ffiii<:«(j-«»MBftttme 

(8) Sfcx *MKo-7*ffi»fSJS+kSL (ktt 
30 ft& SL(WKo-7u^W i:A«y7n-7£ffi 
zg-fS^+hBL (h«#8, £ 

(x) fc*f«tHPj«*#jt*a-gL (x) 

T^enswT® (i o) iS?-&5o 

* [0 0 7 4] 

I Im(Z(x)) | -d I 30-HBW I -eAL 

-7l^;l>tf- l 0 d BWT*J»fc-r 

1 (c ©Hfteo-eak s l = i o o o . o l 

40 fc) , - l 0 d BWT*»*ft^i:#K:tt»ffiffi*Ttf 
5 (C©HSgfi»jT*«kS L=-l 0 0. OKIBEbfc) 
.fcpt^Lfco f:fc ^-y^P-7{il 5 0 c <A< 
1 8 0° ©ffiHT'-?-©U^;W- 1 5 b Bi-XT^&SC 
i:^rggilL, /^jro-ru^/W-l 5bBWT* 

t^TttWftlHao(x) 0(fKK»B88S[^$nTV^Tt 

50 [0 0 7 7] 4*3, *^^iJTt±, »ftBB»0(x) 
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©H?fxH:2 2 iW(SoTM. ?gPtlTi^LTtI^o 

[0 0 7 8] [HH©|I»J] *«W©»-fcJ:tfWr [0 0 8 3] JfcJESfefeitfcfef OWftttt (R 

O!WWfcfc^Ttt»S?©ffiB*R**S0R*ffi^T Xi , RY, , H, ) fcS^tt (DX, , DY. , 

aSLfctf, P3«J6«SOftb!5Ett5JSaS*fflV^T H, ) KAoTajtr*. £**P&RX, , RY, , D 

^*?cD{uB%^-r^^tfe*^«HSSWB6T'S Xi , D Y • , Hi 0«H**ti€ftWTOJ:5li:JE 

T, WTKWWrSo [0 0 8 4] 



[0 0 7 9] ll0EiE«*ffl^fc*SBl«lt*V^Ttt, 0 


RX i 


: ft'JtfgRX... 


= o ; 




= -0.25, 


2 3£^Lfc#f§^©7n-£flU Xf7-/Sltt 10 


R Y i 


: g>hffiRY.,» 


= o ; 




= 1.0, 


lt5»SfeftO^«^WTtaS^5*3KSat), fro, 


DX i 


: S'NfiDX.,,, 


= o ; 


ft*ffiDX... 


= 5.0, 


■fc*3Mfc0tt&*Rfc£Lfcj6 Uf'^S 3, S 4©$a 


D Y i 


: S/JvffiDY... 


= o; 


ft*ffiDY.« 


= 1.0, 




H i : 




o ; 




= 0.35, 



[0 0 8 0] $f\ *HfififfilCfeV'Tffl^6»n*5ft&tt: (RX, . RY. . H. ) fcitf (DX, , D 

©flteteoi^Tttwrs. hi otrtxii^ffl^fci y, , h, ) *aa*J8^Tttgu »ft(t*fww 

i (0,0) ) cat?nfti?iH s , **rrste«R ftfftjstts af»^si), 

?# 1 ^tt^tl©**! (x, y) ftitffg^fiH* 20 [0 0 8 5] O^lC, #8Sfet*fcfc«-3#?S©l*£* 

*»I»i:T*«9e«R*»#2*»6#ini: N ^n^n© ff? (Xx-y7 p S2) „ ^nfnolfeftia*^T, s 

ta(x, y) &£xf&¥&n&ma&£t&M&itm %%m : ?ic'$%ti2>mmmtim--c*&zm-k, -rat>% 

liDia ntt3W±©i«5»T*355o 010 H, #fc&fri;fc£&5nfcffiJ: & fc'JvSl/'*^ ^© 

©# (m=2\ MKWiS8a#3A«&#6 (n=6)Tfe [0 0 8 6] COi^tLT^&nfeiR?©*, 7k¥ffi 

3 C rtil^lfi^iEiB#lftfc»LT«*i:a«J:3. Xfi 

[oo8i] 01 otcfc'^TiE^ roj it&nm?# 1 fcttLT««*f&*"f ««> toisxwiKSs*? 

1 AWT©i:#£l*fifcra-ST?*S (Kraus J.D:Ante tlS (Xf77"S3' ) „ 

nnas Second Edition, p. 556, McGRAW-HILL, 1988.) . E [0 0 8 7] ■O&Z, fijf57>77fi?#T*-r;b©£T K 

^•tt«teWlf? - e*lJ***lS»iS»#m+l~-#n-p Ol^T, Improved Circuit Theory( I . C. T8)*/B 

fe§ 0 V>T7>7^#14©W-S*fTV^ »f»^ 5K K7 

[0082] ±m<D£?%f&mm?# 1 , asismsafig >r-?-&tt©fr»c»oVT, smo (x) Mmc 

#2 7b^#m, fc£tflfc*e«»SS#m+lfr&#n£ &£&H& f (x) fcffiVT, #Jftfett©5 

9*j£2n57>? L ^K*tJ&-r5Ifefef**» 01 lfc* fJV\ (Xx-y7S6) , K7>*tfttSftfcSfefef*© 
To ES&fef*{i:> IS«*f»4:, EfcfSWi:* USSffi 7>77#14©«nfc&©£ftftWlc«*?LO 

H#, %*«|LT^5o 5»«aPti, «8&«S»»#2 (Xf'^S 7) , *«K:KtfLV^©5ftfeftOiR* 

fr£#m©^tmx©x^fffi, yjS5«ffl, (R **«SLT, ^i&RSLfciKmSfcStE-rft^ «LS 

X, , RY, , H i ) fcttttbtv* (itt#2*»5# *»7U K«RSS*SISLT^ft^nfefHa3i<0AQS 
m) c Sfc, ^«»a«»WI«88#m+l*»6#n (7.7y7S 2*>&7f>^S 7) *«DiI1- 0 

©^n^nOxffiflMS, ylSfitffi, Jl?S (DX, , D [0 0 8 8] ^tCOiISffi«£«fc5!ftfeft*ffl''^fc 

Y, , H, ) fct&ttLTV* (iti#m+l)ti^# ^ORftWHJHS**^. 

n) o £4b\ ±E«HCfel^TI±fi««fc»»«»* J ttl [0 0 8 9] C©«JtKlfel/^Tl43**M»0(x) £ LT 

^nssitRW-Ti/^^ sitfi^&^ft^n©* jxf© (id sfcJBi^fc. 

«'Nfi> tT-y Y&KEK^z.bftZ&PFZftttZ* [0 0 9 0] 

0(x)=aG(x)-b I 50-Re(Z(x)) I -c I lm(Z(x)) | -d I 30-HBW I -eAL+fT(x) 
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10 



•■• (1 1) 

±e (i i) zm^itm=<Dm&m%mi&LitmML£L 
Tmznrcmt&nmT'D&mzm i 2iz^t a ctia, 

' » 4>}£—jt>7>tfi5 0 [Q] fciffvMtoFfcnSfc© 
T*7 U-5*/Jn;£ < T'tSESttM^J tli^tm^ts 
I CT£££ttS£GAT*8¥^fdiiS£-Z?£5o 

1-**¥ffiftttl*iSlRrti*B 1 3KaVr„ C<DH*^b 
frS*3lC* K7>f"t«lifiK:feV>Tl4ir-i»S3 0° 

[0 0 9 1] &L±KLfc£r>lc, *m}<o%=<Dmtm 
fg?©EB%#*£fc46©£s»&^gi:&;5 0 fcfcU 

LV\ 01 3(4, "♦MKn— 7 % /W£n-77>< 
-1 0 d B(2£%£LTV'>2C££acLTbV5tf, cn*20 
0(X)=aG(x)-b I 50-Re(Z(x)) I -c 

fce.nfc^rarttc, fg^a©«*ffifctt£ft&T&*am 
m<t&zm^T9tWLrctg%z®i 5, 01 6£^t. 

El 5(t RKito5rS***»btett*ff6hte7>f- 

?©iEB*£lT£7yir:h©7j<¥ffirtffif^ftto4, B 30 
1 6t^-rt*3»?T'S5o 01 5 J: 3 t x ft 
a^^tlfc7>7 L -f(C*5^Tt4^ffiiti2 2° , SMI 2 
d B tfSSftft. 7 b-fi 5 At LTf4*iJf#tf V-^fil^ 

©i4. &wtk?&*)'&zfritft$>mtti3fr&^Mmz 
[0096] *%m<Dm-Rzfm-<Dnmivwmt. 



02 2 T°*Ltc'&*o)mm&**t£tmLTzm^ 

(1) *a0R*fflv»TJftft#*-l!MI:L, ^*©«?p^ 
H*ifffti:^ofcW3g©«ifilclH6ftV'»jS, (2) R 
«f*«*afflLT^*ii» (3) ■fe^*BBfflS«^%% 40 

jS, ( 4 ) ftfcHftfc-tr * * 7 >7-i-'m<tZ mtL 

[0097] *mitom=Rxfmw<Dm&m<Dftmt, 

B*«?«tl/^ofc»*0«ifilClE6at^ (2) M 
*(c6So 50 



£=©fSHfifliK*5tt3kSL. hBL) *A4rCV4l/-»fr&T? 

[0092] [mmoymmm] yu^ztWDrnmonn 
[0093] *m&m<D%k&#i<Dm&zm 1 4 ic^-r„ 

T*5 1> , fta^jR^BPlifcf&mifr? # 2 frt> # n ©^*l 
^ttOxffilMU yffiiffis fS^fi (DX, , D Y i , 
Hi ) *ftttLTf« (i t4# 2^6 #n) 0 

[0094] m&w<onfcwicfrfr&7>?-i-mMttm 

DY, , H. £#*5tt**frttlfa©3S3©f|jitHi: 

mmtu ammo (x)iu(n) s©ftt>t> 

KWT© (12) £*Evfco 
[0 0 9 5] 
Im(Z(x)) I •••(12) 

[0 0 9 8] M. *»ET*&*3R?£«»K:LTfc, £ 

zm^mftma? 5 c i: T\ #fUMI»£^Lfc©£ |SU§ 

[0 0 9 9] 

[f£B8©$jHI] CLh8iiLfcj:5t, *JgHj3tc£ftt4, 
# 5 n — f 1 J 7 b * * £ -Y X© 7 ^x^©*?©!^ 

ffiTfcSo *»W*ffl^T, tt«©-b^^7>x^-©/> 

a!ftjaHkt*«ift#ST?a6«. 

[0 10 0] *fc*»WK«J:nif, -t^^Ht^CS*! 

5^^-©^s^#4i)fcfti*f *m%iznm.T*2 % 0 

[0S©S#=S:lKB^] 

[0 1 ] P3©ffi^ffl^fc7>x^^?t4fiE»©«fiK0 
[02] P3fifJ£«*fflV^«^-©5ftfett:©*jSfflJ^-r 

[03] «ftBBRoitt««©iRjiio«?*s-r mx-$> 
[0 4 ] e- A«©t&rc«©iRm©«?£3vr Br-* a 

[0 5] A73-l'>'t 0 -^>X©ie«S©lRm©«?^ 



(11) 
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[0 6] *«fflO^St<0tS*^5tifc7>'T'f*ififc*5 
[0 7] *fEWOHSfi©*S*ffe>nfc7>"7"tfl|jfifc:fe 

[09] aafb;£tifc7:/f-*Wffifc*i***¥iiirttt 
[Hi o] m.^mw^m^rzyy'ri-mmi^tm^' io 
[0ii] ifi^s^ht^fe^^^^-raT 

[01 2] 3=©»H***LfclS*fcLT»&ftfc 
^*&«*?OiHB^1"0T'fe?>c 

[01 3] W=©iat«l**!ILfcttjRi:tT#5nft 
7>x^-«3g©7j<¥BrtSi^[Ri1t ; £:*1"0T-fe5c 

[014] SESO*flitf!lfcfe»3-**SaEai04:tOJftfe 

[01 5] SBE0H»«WlCfctt*«»{fc£j£%^liLfE: 20 
«Sft»e.n?£:7>'7 1 -7-«JfiK:fe»t*«a&«iR?©EH* 
jjVf0T'$>£ o 

[01 6] mw(om&WK.l3ft&K6{&3&*jiML1t* 
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[017] fi£*©4jR : ?A*-^ffl7>f"fO*JB*^ 

[018] 4lf • ?ffl7Vf tOMft© 

[019] fi£*<DCrooked-Wire genetic antenna%7r;"f 
0Tfc£o 

[02 0] ft*©V7l^?*^y#-;W\*- i J : ffl7 

[02 1] 8»fl!)»i!iafli»ftj»ofc»o<aHi-A2fl 

[02 2] fi£*©fi£*OGA*ffll/^fcA*-^EB7>-r 

[023] onjttwic«s7>x-7-«3iaa 

h i : *?fi 

(xi, y, zi) : W&aMSMM. 

( r i . e i ) : iR? <DP3«J£* 
<j> i : {uffi 
0 (x) 
S 
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o : • «ott« 

O : Sector 1*> fcO-ifcSESk 
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[019] [020] 




(15) 



^2 00 1 -2 5 1 1 3 4 



[023] 



^ t> « T 1 M O Z #C03g*E« * 



SIS t * * * * $ ti^rt <7>-fe ? 5r «7)Ej| * % 



0(x)C£-3<7>?tflt 
0<x)«aG{x)-b 1 50-Re(Z(x)) | «c | Im(Z{x}) I 
-d 130-HBW | -«AUfT<x)-gl(x) 
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-S3 
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(72)»»# Stil F£-A(##) 5J020 M03 BA02 BA06 BA17 BC04 

JBfttf^ftBBK^^HT-TBaSl^ B BC08 DA03 

*«ffl«fS*S^ttrt 5J021 AA05 AA06 CA06 FA20 FA29 

(72) ffl ft ft GA02 GA03 GA08 HA05 

JttftSWBBK^^Hr-TBaSl^ B HA10 JA10 



